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A super high resolution cold cathode fluorescent dis- 
play (CFD) utilizes an anode with cathodoluminescent 
means, a cathode with field emission cathode group 
array, a glass like spacer plate structure providmg an 
array of funnel-shaped channels. Each channel has a 
narrow aperture which serves as a pin hole for passage 
of electrons between the cathodes and anode. The dis- 
play uses a circuit for generating a strong electric field 
between the anode and cathode in the array of channels 
to take advantage of the pin hole imaging effect to pro- 
duce high resolution, fiill color images for the display. 
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(2) adequate spacing to allow sufficient anode voltage 
SUPER HIGH RESOLUnON CX)LD CATHODE to be applied in order to realize the good quahty of 

FLUORESCENT DISPLAY the CRT phosphoi^ 

(3) means to guarantee miniTnum cross-talk between 
aiOSS.REFERENCE TO RELATED PATENT 5 phosphor dots to achieve high resolution; 

DOCUMENTS (4) means to provide strong support between anode 

This patent ^licatbn is related to disclosure docu- f^^ cathode so that both conditions as mentioned 

ment no. 315943 icccived at the U.S. Patent and Trade- °* f^""^ 1, 2 and 3 can be met and thus a thin 

mark Office Mailroom on Aug. 24. 1992. ,r^ ..^^ ^^^5 ^^"^^^ ^ ^ realized; and 

^ (5) easy to manufacture. 

BACKGROUND OF THE INVENTION Many structures have been proposed by various peo- 

Tbe present inventioa rehtes to flat panel displays of f}^ ^^'^ ^ ^fff th^ criteria. None of 

the field emission cathode type and, in particuJ, to the completely These structures can 

useofaspacerbetweenaXde^idLi anode to take 15 ^^^^^ ^^"^^ '^^^ 

advantage of the pin hole imaging effect and an dectaic j ' p^j^, ^ g g^^^^ 

nS^^nSr^l-^i;;^?''^^^ ™ParNL. 5,053,327. 4,923,421 and 

4.B57,161.aretypic^inthisapproacl.Itusesasup^^^ 

Tlf^^ray tube (CRT^ technology, v.th its 20 ^rttS^cST^ 

many attractive attributes such as high brightness, good drcuit industry, to separate the emitting surface and the 

color quahty, high resolution, long opcratmg life time, display face of the flat panel display. 

IS still the main stream display technology nowadays. It 2. Rigid Elongated Thin and Pointed Spacer Struc- 

is Its bulk that overshadows a lot of its merits and en- ture 

courages the emerging flat panel technologies to chal- ^ The U.S. Pat. No. 4,857,799, and 5,015,912 illustrate 

Icngc Its place. Through the last twenty years, various this type of display. The supporting mechanism is com- 

typcs of flat panel technologies have emerged but have posed of cJongated, thin and pointed paraUel spacer 

succeeded only in making a dent on the vast display plates integrally connected between the face plate and 

market by creating a small form factor display panel for ^ back plate, to be interspersed between adjacent rows of 

the portable computer industry. The huge consumer pixels on the anode. 

television (TV) maricct, which is emerging towards 3. Small Discrete Type Device with Limited Periph- 

high definition television (HDTV) format, is still un- eral Wall Support Structure 

challenged by the current available flat panel technolo- The U.S. Pat No. 3,855,499 is a typical example of 

gies, such as: liquid crystal diq>lay (LCD); electrolumi- 35 this type of display where the whole device relies on the 

nescent display (EL); plasma display panel (PDP); vac- peripheral wall support to create a small vacuum envi- 

uum fluorescent di^lay (VFD>, Add emission dUplay ronment for the display device to function. 

(FED) and light emitting diode (LED). In the three types of di^lays described above, the 

The problem of these current flat panel technologies Arst type, while providing a structure that sadsfles the 

is that they in principle only have a few, but not all of 40 ^i^st, third and flfth but fails to satisfies the second and 

the above menticmed attributes that the CRT technol- fourth of the above mentioned criteria. In other words, 

ogy inherently enjoys. The LCD does not emit light ^ ^ype of displays, the thin pillars used as the 

TTie PDP cannot generate quality color efficiently and support between the face plate and back plate can only 

is in association with very complicated drive circuitry. ^ mzdt to allow a very small spacing between these 

The EL and LED are defident in blue color. The VFD 45 two plates. Within this spacing, only low anode voltage 

is defident in color. The FED in prindple should have ^ ^ ^ ^^'^^ «reen ZnOiZn type 

all the good attributes but lacks a structure to embrace voltage phosphor of the VFD type can be used, 

them. In order to break these barriers, some approaches Pliosphors of other color operating in this low voltage 

have resorted to brute force by sp«iding billions of ^ effidency, low brightness and short life 

doUar on a particular flat pand technology. The 10 inch ^0 ™* technique is also incapable of providing 

active matrix liquid crystal display (AMLCD), a color !^*^ 

display, is a result of such an effort, but one can also tdl «° "^^^ type while providmg a 

from the difficulty of this effort that a 40 inch AMLCD f^"" f "^^t C-e. larger spacmg) 

wiU be extremdy difficult to achieve. satisfymg the first, third, fourth and 

IntheFED,itscathodeisbasedontfaefiddemission^^^fJ^^^ ^ , 

cold cathode principle, as proposed by Spindt in 1968, T' T ^"""^ T 

Inthisdesign,^ai<Seis m^e^^ grapbc g«iera or t^^e of display apphcation, is only 

r»T .r^r^Z^ .ir^^TZ , tZZ . apphcable to a hmited small size device of a few inches 

t^Ki anode pntK:]ple, such as using an electrical con- Q^jy 

ductor coated wiAphosphor material emitting light in The present invention intends to address these prob- 

response to the bomterdment of electrons from the i^^s by introdudng a new shield plate structure, 

aithcKle. In pnnaple, this type of device has the poten- thereof an dectric fidd will be applied between the 

tial of providmg many luce features, such as high emis- anode and cathodes using the pin bole image effect to 

sion efficiency, hig^ and stable emission current, good create a new kind of FED. aich that afl of the above 

color quaUty, high resolution, small form factor and 65 mentioned criteria can be satisfied to produce a high 

sunple control mechanism. The main prc^lems that it is resolution, high brightness, high effidency, full color 

facing today is lacking a structure which can provide: flat pand display device with very thin profile and very 

(1) uniform spacing between Cathode and Anod^ simple structure. 
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SUMMARY OF THE INVENTION ^^^^ cathodes for causing the cath- 

odes to emit electrons and causing the electrons to 
In a pin hole camera, light originating from a real life travel to the pixel dots, and for direct matrix addressbg 
environment is passed through a small pin hole to im- and electron emission control of the cathodes. The 
pinge upon a light sensitive medium upon emerging 5 apparatus also includes a shield between the face and 
from the pin hole. The pin hole is smaU relative to the back plates. The shield defmes at least one aperture 
size of the picture to be taken, so that light originating therein located between the groups of cathodes and the 
from a point in the environment will inq)inge upon only pixel dots. The shield substantially shields the pixel dots 
a very small area of the light sensitive medmm, thus from electrons passing between the cathodes and the 
produdng a distinct image of such point in the environ- 10 pixel dots except for electrons passing through the aper- 
ment on the light sensitive medium. In this manner, each ture. The aperture is of such dimensions that electrons 
point in the environment may be regarded as a point emitted by the jfirst group of cathodes and passing 
light source whose distinct image is reproduced by the through the aperture will travel to substantially only the 
light sensitive medium through the pin hole camera. first pixel dot, and that electrons emitted by the second 
Since the pin hole is small, the distinct image of each 15 group of cathodes and passing through the aperture will 
point source in the environment does not overlap signif- travel to substantially only the second pixel dot, thereby 
icantly with the nnages of other point sources in the reducing crosstalk between pixel dots. In the preferred 
oivironment The smaller the size of the pin hole rda- embodiment, an electronic lens electrode is formed 
tive to the picture to be taken, the less overlap there will around each aperture to attract electrons from the point 
be between the images of different light point sources 20 sources to pass through each aperture, 
from the environment, even thougji they may be adja- Since it is possible to individually control the quantity 
cent to one another. of electrons emitted by one point source cathode so that 

This invention is based on the recognition that, by it is different from the quantity of electrons emitted by 
using a principle analogous to that of the above- an adjacent point source cathode, the image of one 
described pin hole camera, a new kind of FED can be 25 point source on the luminescent means can be of the 
constructed to produce a high resolution, high bright- desired brightness relative to the image of an adjacent 
ness, and high efiSciency full color flat panel display point source cathode so that high resolution multiple 
device. In this invention, a new shield structure is pro- shades images can be achieved, 
posed where the shield defines one or more apertures or In the preferred embodiment, the shield defines chan- 
pin holes therein where the shield is placed between the 30 nels therein, each channel being in the shape of two 
face and back plates of the display device. Electrons funnel-shaped holes, where the wide ends of the two 
generated by a point source cathode on or near the back holes are closer to the fece and back plates than the 
plate will pass through an aperture and impinge upon a narrow ends, and where the narrow ends are aligned 
small area of a luminescent means on or near the anode. with each other forming the aperture. There is an elec- 
In response to the bombardment of such electrons, the 35 tronic lens electrode surrounding each ^>erture or pin 
sinaU portion ofthelumiiiescent means will emit light to hole. Preferably, the funnel-shaped holes are wedge- 
form an image that is displayed, where such image dis- shaped- The size of the aperture or pin hole (aperture 
played is analogous to the image in the pin hole camera, and pm hole being used interchangeably herem in this 
and will be referred to below as the image of the point ^plication) may be varied, and the depth of its two 
source cathode from which the electrons originated. In 40 corresponding wedge-shaped holes and the size of its 
the preferred embodiment of the mvention, an electonic two wide ends toward the anode and cathode may be 
lens electrode is formed around each aperture or pin varied to focus the electrons passmg through the aper- 
hole and ^propriate dectrical potentials applied ture to the desired pixel dots. The pin hole or ^)erture 
thereto to pull electrons passing through the aperture or preferably has distinct size and shape of its own to help 
pin hole and to influence the passage of the electrons. 43 focus electrons emitted fit)m a point source cathode 
Similar to the operation of a pin hole camera, if the groxtp, which is formed by mult^le adjacent point 
aperture in the shield is small, the image produced on a source cathodes and situated on one skie of the pin hole, 
portion of the luminescent means due to the bombard- to travel under the influence of the anode, through* the 
mentofelectrans originating fixjm a point cathode on or small pin hole, and hit the phosphor material of the 
near the back plate will not substantially overlap the 50 anode situated on the other side of the pin hole, causing 
image produced by the luminescent means due to the it to emit light and thus producing a distinct image of 
electrons originating from a different point source, even the said point source cathode group on the anode, 
though the two point sources are dose together. In In one embodiment, the shield is formed by a spacer 
other word^ it is possible to produce a sharp image at plate structure which provides support to the face and 
high resolution with much reduced crosstalk between 55 back plates. The new spacer plate structure is prefera- 
adjaccnt pixels. , . , bly made by usmg photo-chemical process to produce 

One aspect of this invention is directed towards a fine geometries on a thin and flat UV-sensitive glass 
display apparatus comprising a housing defining a type spacer plate with tigjit control on three dimen- 
chamber therein, said housmg havmg a face plate and a sk)nal aspects. The resultant spacer plate exhibits glass 
back pl^ an anode placed on or near the face plate, 60 or gbss-ceramic like physk:al properties and can be 
and luminescent means, placed on or near the anode, mass produced in an economical way. The spacer plate 
that emits light in response to bombardment of dec- structure can be coated with high resistance material 
trons. The huninescent means has two portions defining such that localized trapped dectrons can be removed 
at least a first and a second pixd dot The apparatus from the said mechanical passage to provide a charge 
further mdudes a plurality of individually addressable, 65 free environment for the dectrons to pass by. 
controllable dectron point source cathodes arranged in In the preferred embodiment, the apparatus of this 
at least a first and a second group on or near the back invention con^>rises a transparent face plate, one or 
plate, and a circuit for applying dectrical potentials to more pieces of spacer plate, and a back plate to form a 
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vacuum tigjit housing, providing an airtight environ- through pre-registcred ahgnment holes formed on the 

ment for a display means by cathodoluminescence ex- peripheral of each plate. Such a housing will enable the 

atedby field emission electrons. An anode is formed on use of very thin face plate in the range of 0.5 mm to 5 0 

themnc^suifaceofthefaceplateby formingatranspar- mm for a large range of display devices sizing form a 

ent ccmductive coatmg of UO or Sn02. An array of 5 few inches to over fifty mches diagonal and still able to 

phosphor dots, arranged m a configuration of, either a withstand the atmospheric pressure exerts on its sur- 

smgle color toimat for monochromic, or a mixed red, face. 

green and bine (R^G.B.) color pixel group format for The holes within the composite spacer plate can be 

nui color, IS tonned on top of the conductive coatmg to connected toeether in one embodiment, either by form- 

sion cathodes arc further divided mto numerous field -^^^^ ^ Jl^ ^ .i,^ u^^^. ^i ♦ j ^^uiuuc 

i^ii^ci^^ , ^ 1. -L • group array on the back plate. Other methods such as 

Sion cathodes within each group as a whole, and form- P^^*^ ^"""^ ^ 

ing a field emission cath^ "Uup S^thTe P^te. w^l also s^e th^^ 

groups having similar size and sh^^corr Jponding to J^- the preferred embodmient, smce the whole cath- 
thephosphordotsinthearrayof^hord^for^ed ^ ^^^^V ^ point source array co^ 

on the anode. In this embotoie^t, the exact size and 20 ofnmnerous field emission cathode groups, and each of 
shape of the field emission cathode groups depend on ^"^"^ ^^J^ "^^^es 

the final dimension of the medianical channel or pas- ™ou^ pm hole to the anode, the size and spacing 
sage defined by the pm hole or aperture and the two of electron point sources determine the 

its corresponding wedge-shaped holes. The said gate '^solution of the display. We aU know that the field 
and base electrodes can be used for matrix addressing 23 «=^*ode device is very small and efficient. The 

means for the display device. Two glassK:cramic type «^fictron pomt sources composed of these tiny devices 
spacer plates each having an array of rectangular ^ ^ ®^ efficient That is how a high 
wedge-shaped holes, form a con^xjsitc spacer plate by resolution, high brightness flat panel cobr display can 
stacking op on each other in such a way that the larger ^ produced under the present invention, 
rectangi^ holes are fadng outside while the smaller 30 BRIEF DESCRIPTION OF THE DRAWINGS 
rectangular holes are abgned and touching each other, ^.^iw-lttxiiwo 
forming a small rectangular shape pin hole on a plane in present invention will be better understood firom 

this emtbodimeat. The small rectangular pin hole to- reading the following description of the embodiments, 
gether with its two conesponding rectangular wedge- reference to the attach^ drawings, 

shaped hole defines the said mechanical passage. A 35 ■P^G. 1 is a simplified schematic view of a display 
conductive coating is formed on top of one spacer plate device using a small aperture or pin hole and an electric 
on the particular smface associated with the smaller ^^^^ ^or directing electrons through the pin hole origj- 
rectangular holes without blocking those holes to serve nating firom adjacent cathode sources in order to create 
as an electronic lens electrode for the composite spacer essentially non-overlapping image of the cathode 
plate. This electronic lens electrode can also be used as 40 sources to illustrate the invention, 
means for matrix addressing of the display device. This 2 is a perspective simplified view of a display 

compoate spacer plate is placed between the face and device using a small aperture or pin hole and an electric 
back plates with each of the two surfaces of the com- ^eld for directing dectrons through the pin hole origi- 
posite spacer plate making full contact with the face and nating firom three adjacent groups of cathode sources in 
back plates to provide uniform si^port for the air-tight 45 order to create essentially non-overlapping images of 
vacuum housing. Furthennorer each rectangular aper- three groups of cathode sources to illustrate the 

ture or pin hole within this con^x>site spacer plate, will invention. 

have one of its openings defining either one or more FIG. 3A is a partial cross sectional view of a display 
phosphor dots on the anode, while the other opening device illustrating a preferred embodiment of this in- 
defining one or more field emission cathode groups on 50 vention. 

the cathode, whereof the number and shape of the field FIG. 3B is a top view of a four holes section of the 
emission cathode group on the cathode side corre- spacer plate of FIG. 3A. 

sponds to that of the phosphor dot, or dots on the anode FIG. 30 is a simplified perspective schematic view of 
side. Cross-talk can tiius be restricted to each phosphor a display device illustrating another preferred arrange- 
dot or dots only witfain each hole for a high resolution 55 ment of phosphor dots and point source cathodes within 
display. definition of each hole of the spacer plate. 

In the preferred embodiment, the spacer plate is made FIG. 3D is a top view of a portion of the spacer plates 
ofglass<3eramic type ofmaterial, and its strength can be 306', 307'. 

further reinforced by making the four sides of each hole FIG. 3E is a cross-sectional view of spacer plates of 
a wedge-shaped sur&ce converging towards the center 60 FIG. 3D and of the back plate taken along the line 
to form a smaller rectangular pm hole. This spacer plate 3E-^E in FIG. 3D. 

structure can provide substantial spacing between the FIG. 3F is a top view of a portion of the spacer plates 
anode and cathode, so that a substantial anode voltage 306", 307". 

can be used in this structure to enable the use of regular FIG. 3G is a cross-sectional view of spacer plates of 
CRT phosphors in order for this structure to enjoy all 65 FIG. 3F and of the back plate taken along the line 
the good attributes derived from these phosphors. The 3G-^0 in FIG. 3F. 

fiace plate, the composite spacer plate, and the back FIG. 3H is a top plan view of a portion of the back 
plate can be aligned very easily witii alignment pins plate with an array of groups of cathodes thereon to- 
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gether with connections for the gate and base electrodes FIG. 14C is a cross-sectional view of a portion of a 
of the cathodes. display device employing the shielding plate of FIGS. 

FIG. 31 is a top plan view of a portion of the spacer 14A, 14B. 
plate 306 illustrating an array of channels, each channel FIG. 15 is a cross-sectional view of a portion of a 
corresponding to a cluster of groups of cathodes in 5 display device employing a shielding plate together 
FIG. 3H and to a cluster of pixel dots on the anode. with two spacers, each with one funnel-shaped channel 

FIG. 4A is a cross sectional view of another preferred therein, 
embodiment of the spacer structure and FIG. 4B is a top FIG. 16 is a cross-sectional view of a portion of a 
view of a four hole section of the spacer structure. display device employing a shielding plate and two 

FIG. 5 is a cross section view of a portion of a display 10 spacers each with two fimnel-shaped channels therein. 

device illustrating a method to eliminate trapped elec- 

trons on the inside surface of holes of the said spacer DETAILED DESCRIPTION OF THE 

structure and reflection of back travelling light towards PREFERRED EMBODIMENT 

the firont of the device to enhance efficiency. FIG. 1 is a simplified schematic view of a display 

FIG. 6A is a cross section view of a portion of a 15 device using a small aperture or pin hole 101 and an 
display device showing a single pin hole within the said electric field for directing electrons through the pin 
spacer structure for creating images of the cathodes to hole originating from adjacent cathode sources 105 in 
illustrate this invention, said device provided with black order to create essentially non-overlapping images of 
insulating layers for enhancing contrast the cathode sources to illustrate the invention. In FIG. 

FIG. 6B is a schematic view of two groups of mi- 20 1, 106 is the mechanical passage or channel in the spacer 
crotip cathodes, each further divided into three sub- means 107, 101 is the pin hole, 102 is a planar cathode, 
gro*ips* 103 is a planar anode, 104 is the electrical potential 

FIG. 6C is a timing diagram ilhistrating a sequential exerted on the anode to form an electric field between 
addressing scheme for causing each subgroup to emit the anode and cathode, and 105 are two electron point 
electrons sequentially to inc r ease the lifetime of the 25 source cathodes situated on positions A and B on the 
microtip cathodes. planar cathode. A portion of the electrons, once emitted 

FIG. 7 is a perspective view of a conventional implc- from A under the influence and constraint imposed 
mentation of an array of field emission groups on a back upon them by the anode potential and the pin hole 101, 
plate and a power source for addressing the array. will follow a possible path defined between AA' and 

FIG. 8 is a cross sectional view of a conventional 30 AA". A portion of the electrons from B will follow 
typical microtip field emission cathode device. paths defined between BB' and BB". The widths of 

FIG. 9A is a cross section view of a portion of a A' A" and B'B" depend on the size of the pin hole 101 
display devk^e particularly suitable for low resolution and the distances Dl and D2 between tiie face plate and 
mosaic tile application. the pm hole and between the back plate and the pin hole 

FIG. 9B is a top view of a portion of the spacer stnic- 35 respectively, 
tureof FIG. 9A. FIG. 2 is a perspective simplified view of a display 

FIG. 9C is a perspective view of a portion of the bade device using a small aperture or pin hole and an electric 
plate and side wall of the device in FIG. 9A illustrating field for directmg electrons through the pin hole origi- 
a field emission cathode group array on a back plate and nating from three adjacent groups of cathode sources in 
electeical traces on the back plate and side wall for the 40 order to create essentially non-overl^ping images of 
housing, illustrating how the array can be electrically the three groups of cathode sources to illustrate the 
connected to devices outside the housing. invention. In FIG. 2, 201, 202 and 203 are three parallel 

FIG. 9D is a top view of a portion of the spacer 905 planes, representing respectively an anode plane, a cath- 
of FIG, 9A. ode plane and a center plane of a composite spacer plate 

FIG. 9E is a cross-sectional view of the spacer of 45 structure formed by two spacer plates 212, 213 stacked 
FIG. 9D taken along the line 9E— 9E in FIG. 9D. up on each other to form a composite spacer plate, the 

FIG. 10 is a per^)ective view of a portion of a display aperture or pin hole being located in such center plane 
device illustrating the multiple piece spacer structure. 203, a first spacer plate 212 between and m contact with 

FIG. 11 is a schematic perspective view of a display anode plane 201 and center plane 203 and a second 
device to illustrate concept of the invention. 50 spacer plate 213 between and in contact with cathode 

FIG. 12 is a simplified schcnaatic view of a display plane 202 and center plane 203. In FIG. 2, the two 
device where the aperture for passage of electrtms is spacer plates 212 and 213 each define therem two fim- 
formed in a plate to illustrate one implementation of the nd-shaped portions with surfaces 250 of a single chan- 
concept of FIG. 11, nel or passage in the two spacer plates; 214 is a voltage 

FIG. 13A is a perspective view of a portion of a 55 source that creates an electric field between 201 and 
shielding plate with lens electrodes to illustrate the 202; 205, 206 and 207 are three phosphor strips defined 
invention. on the anode plane 201 within a rectangular or square 

FIG. 13B is a cross-sectional view of the shielding wedge-shaped hole 204' of the first spacer plate, defin- 
plate of FIG. 13A taken along the line 13B— 13B m ing tiiree pixel dots 205, 206, 207 of the same shape and 
FIG. 13A. 60 siz^ 208, 209 and 210 are three field emission cathode 

FIG. 13C is a cros&^ctional view of a portion of a groups defined on the cathode plane 202 within a rect- 
display device employing tiic shielding plate of FIGS. angular or square hole 204" of the second spacer plate. 
13A, 13B. Thus hole 204' forms the wide end of the fimnel-shaped 

HG. 14A is a perspective view of a portion of a channel 250 in plate 212 and hole 204" forms the wide 
shielding plate with different arrangement of lens dec- 65 end of the funnel-shaped channel 250 in plate 213; the 
trodes from FIG. 13A to illustrate the inventk)n. narrow ends of the two funnel-shaped channels are 

HG. 14B is a cross-sectional view of the shielding aligned and converge to form rectangular pin hole 204 
plate of FIG. 14A taken along the line 14B— 14B. on the center plane 203 of the composite spacer plate. 
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Numeral 211 maiks an dectromc lens electrode in asso- are spacer plates. Both plates are made of UV-sensitive 
ciation with said lan hole. In other, words, the channels glass-ceramic type of material and photo-chemical pro- 
are the narrowest at said aperture or pia hole and in- cess can be used to obtain fine geometries of the chan- 
crease m their cross-sectional dimensions from the aper- nels therein. They stack up to form a composite macer 
ture t«swards the face and back plates. Electrode 211 is 5 plate 350. The relative positions between the two com- 
a conducbye layer surrounding aperture 204. When ponent spacer plates m the composite spacer plate as 
positive voltage with req)ect to the point source oath- weU as the relative positions of the composite spacer 
odes IS apphed to electrode 211, it would act as an elec- and face and back plates can be aligned through aUgn- 
tromc to hdp dtetrons emitted from the point ^ent holes 323 provided on the peripheral of the spacer 
to form an mjtal veloaty between the 10 pUtes and adhesive means can be .ued to secure their 
S'^.'Sli^ ^ pull^ relative positions. In FIG. 3A. 308 and 309 are one set 
T!^* *^ they can fonow ^f the rectangular wedge-shaped fimnel-shaped holes 
STTiT^J? wwf Vt^^ , * toward the centTplane of the^posite 

^^r^trSL .^.^^f*^ T^"^ »P««=' to form a smaller reLngular pin hok de- 

vnm the center of the aperture and the point source 15 u,, *\,^ « ^ i f t ^ 

cathode would tend to f<imastraight line two smdler rectangular ho^310 and 311 

-me field emission cathode ^210 is formed by to^ cTTJL^^^ ch^els 308. 309. '^ese 

many tiny electron point soared of field emission oath- S^ ^,,^^^^ ^^T^^ rect^ar wedge- 
ode at and between edges A and B. In this example, ^^^^^^ different applica- 
electrons emitted from point field emission cathJd^ 20 ^^^wJ*^'^^,°' r*^^ fmmel-shaped ^ 
along the edge A of cathode group 210 would be car- hol« can be all wedge- 
ried by their momentum as well as attracted by the sJ^^^ pro vide better strength for the spacer plate in 
positive electric field of the anode, and influenced by f ^ resolution format Also the size of hole 311 in the 
the electrical potential of the electronic lens electrode at 307 can be trigger than, equal to or 
the pin hole and dash through the pin hole towards the 25 1^ ^ ^ ^ »^PP«^ spacer plate 
edge A'A" of pixel dot 207. Same phenomenon wiU ^06. again depending on different applications, 
happen to electrons from point field emission cathodes thicknesses of spacer plate 306 and 307 are dl 
between edges A and B of group 210 and cause them to ^ ^ respectively, and dl can be bigger than, equal to 
dash to points between edge A'A" and B'B" of pixel dot of channel 308 is a pixel 
207 on the anode. It is by this same token that the dec- 30 S^o^P of three phosphor dots 303, 304 and 305. On the 
trons from other field emission group 208, 209 will dash P**^ ^ ^^"^ emission cathode groups 303', 
through the rectangular pin hole 204 and strike on phos- ^ ^ operated as an mdcpendenl electron 
phor strips 205, 206 and cause them to light up. P^* source cathode and is defined by hole 309. The 

The d^tance dl between the pin hole and the anode number and shape of these field emission groups corre- 
is so small that once the electrons originating from 35 spond to the number and shape of the phosphor dots at 
group 210 emerge from the pin hole, they would not be end of channel 308 on the anode. The size of 

dctoured to 206 cmt 205, but would only follow their groups 303', 304' and 305' can be bigger than, equal to 
initial paths influenced by the electrical potential of the ^r less than the size of their respective counter parts or 
electronic lens electrode, and find their respective phosphor dots 303, 304 and 305, depending on the de- 
image positions on pixel dot 207. The electronic lens 40 of the spacer means and of the dectronic lens elec- 
electrode 211 would help to pull more electrons from trode, in order to obtain best focudng effects on the 
210 and help them to form their direction and accumu- anode. But for the ones who are experts in this art, it is 
late enough initial speed so that after their emergence obvious that these numbers can be varied depending on 
from pin hole 204, they would be guided by their initial ^ needed in the resultant resolution, 

course and hit a well defined image area 207 on the 45 P^G. 3C illustrates schematically an arrangement 
anode. Since pin hole 204 is small compared to the wide where the number of groups of point cathodes that 
ends 204' and of the funnel-shaped channels in the generate electrons passing through a particular aperture 
said spacer structure, the structure will provide the or pin hole as well as the number of pixel dots that 
much needed mechanical strength for supporting the generate light in response to electrons are different from 
face and back plates against atmospheric pressure, and 50 those in FIG. 3A. The 12 phosphor dots 358 form two 
the much needed protection to the cathode from the clusters 364, 366 of 6 phosphor or pixel dots each, 
bombardment and contamination of the positive ion and where each cluster forms 2 pixel groups of 3 pixel dots 
decomposed material from the phosphor coated anode. each. The 12 groups of pomt source cathodes 359 form 
Furthermore, such a structure will greatly reduce cross two clusters 374, 376 of groups of cathodes. Electrons 
talk between adjacent pixel dots and provide uniform 55 generated by cluster 374 will pass through aperture 354 
support between the anode and cathode. to cause cluster 364 of pixel dots to emit llgiht Electrons 

FIG. 3A is a partial cross sectional view of a di^lay generated by cluster 376 will pass through aperture 356 
device illustrating a preferred embodnnent of this in- to cause cluster 366 of pixel dots to emit light. Thus, 
vention. FIG. 3B is a top view of a four holes section of clusters 364, 374 and ^)crture 354 form a set of corre- 
the spacer plate of FIG. 3A. FIG. 3C is a simplified 60 sponding clusters and aperture, and cluster 366, 376 and 
perspective schematk^ view of a di^lay device illustrat- aperture 356 form a set of corresponding clusters and 
ing another preferred ami^ement of phosphor dots aperture, where each cluster or aperture is an element 
and point source cathodes within definition of each hole of the set The two sets of corresponding clusters and 
of the spacer plate. apertures may be within the same channel in the spacer 

In P^G.SA, 301 is a transparent fiu% plate; 302 is the 65 means or within two separate channels. If located 
anode made of a transparent conductive layer, such as within the same channel, apertures 354, 356 may be 
ITO or Sn02 fihn; 303, 304 and 305 are red, green and formed from a longer aperture by a narrow strip 355 
blue phosphor dots also defining pixel dots; 306 and 307 dividing the longer aperture into two shorter ones. 
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In FIG. 3A, 312 refers to a conductive layer which is FIG. 3D is a top view of a portion of the spacer plates 
deposited on top of spacer plate 306 or 307 in associa- 306' 307' where spacer plates 306', 307' are similar to 
tion with the plate with the smaDer holes, wherein spacer plates 306, 307 of FIG. 3 A except that plates 
when the two spacer plates are stacked up to form a 306', 307' do not have grooves 321, 322 therein. FIG. 
composite spacer plate, this layer would be sandwiched 5 3E is a croes-sectional view of spacer plates of FIG. 3D 
between two spacer plates and forms an electronic lens and of the back plate taken along the line 3E— 3E in 
electrode surrounding each small pin hole for attracting FIG. 3D. 

electrons from the electron point source cathodes to Still another different configuration for the conduits 
pass through the pin hole and focusing these electrons is illustrated in FIGS. 3F, 3G. FIG. 3F is a top view of 
onto the anode. Such lens electrode is shown more 10 a portion of the spacer plates 306", 307' sunilar to plates 
clearly as electrode 211 in FIG. 2. 306, 307 but without grooves 321, Stl; FIG. 3G is a 

In FIG, 3A, electrode 312 can be common to an cross-sectional view of spacer plates of FIG. 3F and of 
entire array of pm holes or i^ertures. Alternatively, it the back plate taken along the line 3G— 3G in FIG. 3F. 
can be a group of parallel elongated electrodes, cstch for Grooves 321", 322" are formed on the back plate 313" 
focusing electrons passing through a pin hole in the pin 15 to connect the entire array of channels in the spacer 
hole array, or still another difFerent arrangonent, de- plates 306", 307". The above described grooves and 
pending on the needed resultant resolution. In some pillars in reference to FIGS. 3A, 3B, 3D, 3E, 3F, 3G 
applications, if the channel is formed by high resistivity may be formed by chemical etching or screening glass 
material or coated with high resistivity coating, by frit method or techniques generally known in the IC 
adjusting the spadng and diameters of the rectangular 20 and thick film industries. 

wedge-shaped holes as well as the thickness of the two FIG. 3H is a top plan view of a portion of the back 
spacer plates, electrode 312 can be eliminated for a plate with an array of groups of cathodes thereon to- 
more simplified process. In FIG. 3 A, 313 refers to a gether with coimections for the gate and base electrodes 
back plate, and 314 refers to a field emission cold cath- of the cathodes. FIG. 31 is a top plan view of a portion 
ode group array formed on the mner sur£ace of the back 25 of the spacer plate 306 illustrating an array of channels, 
plate; 315 is a printed drcoit board (PCB) to provide each channel corresponding to a cluster of groups of 
drivh^ circuitry for the display device 316 marics a cathodes in FIG. 3H and to a cluster of pixd dots on the 
conductive lead for the anode; 317 refers to a conduc- anode (not shown). As shown in FIG. 31, spacer plate 
tive lead for the electronic lens electrode 318 refers to 306 may comprise an array of smaller spacer plates 
the conductive leads of the gate and base electrodes of 30 aligned with the face and back plates illustrated in more 
the point source cathode array and 319 is glass frit for detail in FIG. 10. Thus, FIG. 3H illustrates an array of 
sealing the device. Other means, such as chip on glass sixteen clusters of groups of cathodes 380 with oonduo 
bonding, may simplify the connection scheme by tive traces 382 for connecting the base electrodes of the 
mounting integrated circuits (ICs) on the extended edge array and conductive traces 384 of a different layer than 
320 of the back plate, wherein a two dimensional ad- 33 traces 382, for connecting the gate electrodes of the 
dressing matrix electrodes deagned to control the point array. As shown m FIG, 3H, each sub-group of four 
source cathode array through their gate and base elcc- clusters are formed on a substrate different from the 
trode, as well as the electronic lens electrode, can be substrates of the other sub-groups. Each substrate is 
pre-formed by generally known techniques in the IC then assembled on the back plate using conventional 
and thick fihn industry. In such a case, the leads 317 and 40 surfece mount or chip or glass technique to form a 
PCB 315 are not needed. whole cathode electrode for the apparatus, when a 

Small grooves 321 are etched on the bottom surface large screen display is desired, 
and Mnall grooves 322 on the top surface of spacer plate FIG. 4A shows another preferred embodiment illus- 
306 in FIG. 3A, through a photo-chemical process. trating a display enq)loying a unitary spacer plate in- 
These grooves are shown more clearly in FIG. 3B, 45 stead of the composite spacer plate shown m FIG. 3A. 
which is a top view of a portion of the spacer plate 306 In FIG. 4A, 401 refers to a smgle piece q)acer plate 
showing wedge-shaped channel 308 and three addi- made ofUV-sensitive glass-ceramic type of material. By 
tional adjacent wedge-shaped channels 328, 338, 348. uang multiple ejq)oang and etching process steps a 
Ridges 308fl, 308d define the wide end of the channel structure similar to that described above as the compos- 
308. The ridge 308fl adjacent to channel 338 separates 50 ite spacer plate 350 of FIG. 3A can be produced. The 
channels 308, 338. Conduit 321 on the bottom surface of only thing that is missing in this alternative preferred 
plate 306 connects channeU 308, 338. Ridge dOSb adja- embodiment is the electronic lens electrode made possi- 
cent to channel 328 separates channels 308, 328. Con- ble by the conductive layer sandwiched between the 
duit 322 at such ridge connects channels 308, 328. two spacer plates m FIG. 3A. In the embodiment of 
Therrfbre, if chamiel 308 is evacuated, channds 328, 55 FIG. 4A, when the channel is coated wi& a high resis- 
338 will also be evacuated. In the same manner, grooves tivity material, a proper ratio of the hole diameters 
321, 322 connect the entire array of channels in the A1/A2 and hole depth H1/H2 is selected so that the 
spacer plates 306, 307, so that by evacuating one chan- electronic lens electrode is not needed for focusing 
nd, a vacuum environment can be created through out fimction and the pin hole image effect described above 
all the holes or channels of the array. 60 can still be obtained through the typical electron path 

Instead of providing grooves in the spacer 1^306, defined by 402, 403 and 404. This smgle piece spacer 
the same feature of oonnectmg the entire of channels plate can replace the above mentioned composite spacer 
can be achieved by providing raised pillars 321' and 322' plate in the previous described embodunent and fiirthcr 
that can also be deposited on dther the bottom surface simplifies the structure and process of the display de- 
of ^acer plate 307, the top surface of back plate 313, on 65 vice. The numerals 405 and 406 refer to grooves etched 
the top surface of spacer plate 306 or the bottom surface on ridges on the surfece of the spacer plate in a manner 
of face plate 301. FIGS. 3D, 3E illustrate the construe- similar to grooves 322 of FIGS. 3A, 3B to connect all 
tion where the pillars are deposited on the back plate. the holes together to form a vacuum environment and 
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are more dearly shown in FIG. 4B, which is a top view hole/inch density hole array on both of its surfaces 

of a portion of the spacer 401 of FIG. 4A. Again, while the wide ends of the channels defining holes at the 

grooves 405 and 406 can be replaced by raised pillars in anode is 0.317 nun in diameter and the wide ends of the 

a manner similar to that shown in FIGS. 3D. 3E, depos- channels defining holes at the cathode is 0.236 mm. in 

ited OB the bottom surface ofthe spacer, or on the back 5 diameter. Then Cl=C3=C3=T2xD2 /n=0.053 

plate by chemical etching or screening glass frit, or mm. For a square hole, the length of CI is 

techniques generaUy known in the IC and thick fihn T2(0.317-0.057)/n=0.173 mm. If the pitch of the mi- 

, .„ ^ . MOtip emitters within each ofthefidd emission cathode 

FIO. 5 fuitiicr lUustrates a method for improvement group is 5 um. then there wiU be 53/5 X 173/5= 340 

of image bng^tness and focusmg by removing electrons 10 nucrotip emitters in each of the point source cathode, 

trapped on the "Mde surface of the array of chamids if average current emitted fiom each microtip is 5 

such » channds 507 m the top spacer plate 504 llese niicroamperes/tip, anode voltage (W) is 2000 volts, 

trapped dectcons wJl ci«te a negative dectnc field duty fac^(DF) is 120% of sci, Ibe. assuming lumi^ 

ZSrS'£°S'r*?1S?',5^'?"^°l^f ^^^y (n) is 3 WW for white Hght. thi aver- 

ss'SSpSS^i'SJS'^sS^to^^e''^^^ " r^T"^ " ^ 

X3xDlxa;-2a-b))/.S^^P)=(3 x2000x^ 

500 also has electronic lens electrode 506, and 507 /k^^^ 17inO-4W3 17vnn aW4Rnvl 
marks the nsctangular wedge-shaped channel of the 20 n^^/ t i v 

plate 504, and 508 refers to a high reflective coefficient ^'^W? ^^^q. meter. In llie above calculation, Sz^is the 
coating that would reflect the back travelling (towards ""^^^ ^ bnes, which is assumed to be 480. One 
the back plate) incident light 509 from the phosphor <^ ^ although very conservative performance 
layer towards the face plate. Since the size of the pin P^^^^ ^ ^ for the microtip cathodes, 
holeisverysmallcomparetothcopening of the wedge- 25 ^«^aous bnghtncss still results from the theoretical 
shaped channel, most of the back incident light from the calculation. Even after a thousand fold reduction would 
phosphor dots will end up reflected back through the ^ ^ ^^^^ device. 

face plate and thus increase the brightness of the device. ^ ^^^^ ^ increase the life time of the cathode, the 
The reflection layer 506 is preferably also a high resis- ^ncrotip cathodes of the field emission cathode group 
tance layer in the range of 100 mega-ohms to 1,000,000 30 can be further divided into several sub-groups and oper- 
mega-ohms. It will provide a high resistance path for ^ alternately during the normal operation. In another 
the tr^ped electrons to go to the phosphor layer or the ^ microtip cathodes is not an issue, 

electronic lens electrodes and thus eliminates the elec- ^ abuiidance of brightness can be traded for bright- 
tron build up on the inside surface of the holes. The uniformity by destroying unwanted microtips 

spacer plate is made of a high resistance glass-ceramic 35 t^^^gj* the tise of laser blast to create uniform bright- 
type of material of white color. So in some applications, within the field emission cathode group array, 
it would serve the above purpose and there will be no ^® above mentioned scheme of dividing the mi- 
need for additional coating on the spacer plate. crotip cathodes into sub-groups is illustrated in FIGS. 

FIG. 6A shows a more detailed cross sectional view ^» ^ shown in FIG. 6B, each group of cathodes 
of one of the wedge-shaped channel of the spacer plate, 40 ^ further divided into three sub-groups: A, B and C 
where 601 refers to the transparent face plate, 602 to a Thus, at time tl, address pulses cause the microtip cath- 
transparent conductive layer, 603 to a top spacer plate, ^ sub-group A to emit electrons. Then subse- 

604toabottomspacerplat^ that is, 603 and 604 forms quently, at time t2, addressing pulses cause the sub- 
the single piece spacer plate. Tl is the thickness of first groups B of microtip cathodes to emit electrons at a still 
spacer plate and T2 is the thickness of the second plate, 45 time, addressing pulses cause the microtip cath- 
and 605 refers to a back plate, 606 to the R.G.B. phos- odes in sub-groups C to emit electrons. The above cycle 
phor dots and 607 to the field emission cathode groups. ^ then repeated at subsequent times t4> t5 and t6, and so 
Numeral 608 refers to the two rectangular wedge- 

shaped channels and 609 to a rectangular pin hole or FIG. 7 is a perspective view of a conventional imple- 
a{)erture. The symbol a marks a black ingnlatiTig layer 50 mentation of an array of field emission groups on a back 
between phosphor dots, and b a black insulating layer pl^ and a power source for addressing the array. In 
between each phosphor pixel dot group and an adjacent FIG. 7, 701 refers to a ghss substrate of a back plate, 
groMp. P is the pixel pitdL Dl, D2 and D3 are the 702 to a silica film, 703 to parallel strips of conductive 
widths of the ph(»phor dots. CI, C2 and C3 are widths layers serving as base electrodes for field emission cath- 
of the field emission cathode group. FIG. 6B is a schc- 55 ode group array. Numeral 704 represents a set of these 
matic view of two groi^ of microtip cathodes, each electrodes, and 705 refers to another insulation layer of 
further divided into three sub-groups. FIG. 6C is a silica, which covers the whole array of the field emis- 
timing diagram illustrating a sequential addressing sion cathode groups, only exposing the base electrode 
scheme for causing each subgroup to emit electrons on both sides of the array for outside connection pur- 
sequentially to increase the lifetime of the microtip 60 pose. Numeral 706 refers to parallel strips of conductive 
cathodes. layer serving as gate electrode for the field emisaon 

As ^example, typical values may be selected for the cathode group array, and 707 are field emission cath- 
following parameters as follow: P=0.317 mm, (corre- odes within each field emission cathode group. Elec- 
spondmg to W VGA fiill color display or 16" XGA trodes 703 and 706 form a X, Y matrix for addressmg as 
full color display or 23" HDTV format) a-0.01 mm, 65 weD as controlling the emission rate of the field emis- 
b=0.057 mm, Tl=1.5 mm, T2= 1 mm, sion cathode group array to serve as a point source 
D1=D2=D3=0.08 mm. In such event, the spacer cathode for the present invention. The electrode ar- 
platc would have rougUy a 25.4 mni/0.317 mm=80 rangcmcnt and addressing of the devices of this inven- 
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tion may be implemented in a way similar to those illus- cates with 4 holes 922 on the back plate for evacuating 
trated in FIG. 7. the device. In FIG. 9A, 921 refers to 4 holes etched 

FIG. 8 is a cross sectional view of a conventional from the back side of the spacer plate halfway upward 
typical microtip field emission cathode device, 801 re- until they are connected with the 4 corresponding cone 
fers to a glass substrate of the back plate, 802 to an S shaped holes. Holes 921 and 922 are aligned on top of 
insulation silica layer, 803 to a conductive layer for each others so that air from the cone shaped hole array 
forming base electrodes, 804 to an msulation layer, 805 can be evacuated out through holes Ml, 922 and then 
to a conductive layer for forming gate electrodes, 806 to outlet 918. The above described evacuation hole and 
microtip electron emitters of high temperature melting circuit for matrix addressing arrangement can be also 
metal, such as molybdenum, formed by evaporation 10 applied in the above described preferred embodiments 
method, 807 to an opening of the gate electrode through involve two composite spacer plate and single spacer 
which the microtip emitter emits electrons, 808 to an plate of FIGS. 3A-6C Similarly, the features of the 
opening in the insulating silica layer through which the embodiments in FIGS. 3 A-6C may also be employed in 
nucrotip can be deposited. When an electrical potential the emboduncnt of FIGS. 9A-9C In FIG. 9A, 924 
of approximately 100 volts by power supply circuit 20 15 refers to a getter device, to a reflective coating for 
between the gate electrode 805 and base electrode 803, brightness improvements if needed, 
the microtip 806 will emit 15 electrons. Typically, the The construction of through holes 921, 922 is illus- 
diameterofthe microtip is about 1.4 um, the pitch of the trated in more detail by reference to FIGS. 9D, 9E. 
tips is about 5 um and the average current emitted from FIG. 9D is a top view of a porticHi of the spacer 905 of 
each tip in normal operation range can be up to 10 20 FIG.9A.FIG.9Eisacross^sectional viewoftiiespacer 
microamp./tip or more. of FIG. 9D taken along the line 9E— 9E in FIG. 9D. As 

FIG. 9 A is a cross section view of a portion of a shown in FIGS. 9D, 9E, the two holes 921 intersect 
di^lay device particularly suitable for low resolution channels 906 at openings 950, so that channels 906 are in 
mosaic tile ^plication- FIG. 9B is a top view of a per- conmnmication with holes 922 tiirough openings 950 
tion of the^cer structure of FIG. 9A. FIG. 9C is a 25 and holes 921. In this maimer, the air in all of the chan- 
perspective view of a portion of the back plate and side nels 906 may be evacuated through conduits or grooves 
wall of the device in FIG. 9A illustrating a field emis- 919, openings 950 and holes 922, 921 and oudets 918 
sion cathode group array on a back plate and electrical shown in FIG. 9A. 

traces on the back plate and side wall for the housing, Since the above described structure is targeted for 
illustrating how the array can be electrically connected 30 low resolution with dot pitch between 0.5 

mrrj to 5 Tnm 

to devices outside the housing. range, even with all the above details the spacer plate is 

In FIG. 9A, 901 refers to a face plate, 902 to a con- still relatively easy to manufectnre in low cost and at 
ductive layer for anode, 903 to phosphor dots, 904 to a high volume. Thus the device described above in refer- 
black insulating layer for separating phosphor dots to ence to FIGS. 9A-9C may be used as one of many 
provide better contrast, 905 to a single layer spacer 35 mosaic tiles in a large screen mosaic display. The mosaic 
having a drcular, cone-shaped (can be rectangular or tile in this embodhnent will exhibit very uniform side- 
square wedge-shaped) channd array, 906 to one of wall The pixel pitch can be arranged in such a way, 
these cone-shaped channels, 907 to field emisaon catb- that when they are assembled together to form a large 
ode grou|>s serving as the cathode, 908 to a glass sub- screen, essentially no visible gap line between each tile 
strate back plate, 909 to a thin glass plate side wall with 40 can be observed within proper viewing distance, 
electrode pattern 916 printed on it to serve as leads for For a single piece large screen display device in the 
outside connection to the base and gate electrodes of aze betwem 20" to 50" diagonally across, the present 
the field emission cathode groups. invention can also be applied. The face pkte can be a 

In FIG. 9C, 911 refers to parallel conductive strips as homogeneous transparent glft-<« plate with thickness 
base dectrode deposited on the glass substrate 908, 45 betweaa 1.5 mm to 5 mm. The composite spacer plate, 
wherein alternate strips will have a large bondmg pad or spacer plate in the single piece structure can be com- 
914 deposited on opposite sides of the edge of the back posed of multiple pieces and aligned through aUgnment 
plate perpendicular to the base electrodes, 912 to paral- holes provided oii the peripheral space as shown in 
lei conductive strips as gate electrodes dq>osLted on the FIG. 10. FIG. 10 is a perspective view of a portion of a 
gjass substrate, wherein alternate strips will also have a 50 display device illustrating the multiple piece spacer 
large bonding pad 915 deposited on opposite side of the structure. Three single layer spacer plates Sll, S12, 
edge of the glass substrate perpendicular to the gate D21 of an array of spacer plates are shown in FIG. 10. 
electrodes, 916 to conductive bonding pads and leads on As also shown in FIG. 10, each spacer plate such as Sll 
side wall 909, which win be used to seal the four sides of is aligned with the fece and back plates 301, 313 by 
the structure comprising of the face plate, spacer plate 55 means of alignment pins 390. Pms 390 mtersect and 
and back plate. Boaiding pads 916 will be alibied against enter spacer SU at holes H as shown. For simplicity, 
bonding pads 914 and 915 so that through leads 916, the only two alignment pins are shown, it being understood 
base aiKi gate electrodes can be connected to outside that three aHgmnent pins are needed to align each of the 
electronic control sources for matrix addressing of the spacer plates in the spacer plate array with the face and 
display device. 60 back plates. The relative positions of the spacer array 

In FIG. 9A, 920 refers to a glass frit material used to with respect to the anode and cathode groups can be 
seal side wall 909 to the structure, 910 to an anode lead further secured through the use of adhesive means. The 
through the back plate for outside anode connection, cathode can also be composed by assembling smaller 
919 to small grooves similar to grooves 321, 322 of piece of field emission cathode group array on top of a 
FIGS. 3A, 3B etched on top of the spacer plate to con- 65 homogeneous glass back plate with known technology 
nect all ofthe holes or channels in the hole array so that commonly used in the IC and thick film industry as 
a vacuum environment can be provided by evacuation shown and described above by reference to FIGS. 3H, 
through a single evacuation outiet 918 which communi- 31. 
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In the embodiments described above in reference to 
FIGS. 1-8, the apertures or pin holes are formed in 
spacers also used to support the face and back plate 
against pressure originating from outside the housing of 
the display device. It will be understood, however, that 
the aperture or pin hole may be formed in a manner 
diCTerent from that described above, using mechanical 
or other means. This is illustrated in FIG. 11. The ar- 
rows 120 represent the paths of electrons passing be* 
tween the three groups of cathodes 122 and the three 
pixel dots 124 in a manner similar to that described 
above in referexK:e to FIG. 2, except that the paths 120 
are not necessarily confined to fimnd-shaped channels 
as in FIG. 2. The paths of these electrons are restricted 
by the size of the aperture which is in the shape of an 
elongated slit 126. As long as the paths 120 of the elec- 
trons are restricted to those passing through the slit 126, 
the above-described advantages of the invention, such 
as crosstalk reduction, would be available. Apertures in 
shapes other than slits are, of course, also possible and 
are within the scope of the invention. 

FIG. 12 illustrates one mechanical means other than a 
spacer in which the aperture is defined for in^lement- 
ing the concept of FIG. 11. As shown in FIG. 12, aper- 
ture or slit 126 is formed in a shielding plate 130. Differ- 
ent £rom the spacers described above, shielding plate 
130 does not need to contact or support the face and 
back plates. 

FIG. 13A is a perspective view fi-om the top of a 
portion of the shielding plate to illustrate the invention. 
As shown in FIG. 13A, lens electrodes 132a are formed 
on a top surface of the shielding plate (and lens elec- 
trodes 1326 on a bottom surface of the shielding plate as 
shown more clearly in FIG. 13B) surrounding apertures 33 
126. As discussed zibove, electrical potentials may be 
applied to the lens electrodes in order to focus the paths 
of the electrons or to turn off the stream of electrons 
through the apertures for the purpose of direct matrix 
addressing. ^ 

FIG. 13B is a cross-sectional view of the shielding 
plate of FIG. 13A along the line 13B— 13B to illustrate 
one embodiment of a lens electrode arrangem^it on the 
shielding plate. As shown in FIG. 13B, lens electrodes 
132a, 1326 are present on both sides of the shielding 45 
plate 130. FIG, 13C is a cross-sectional view of a por- 
tion of a display device employing the shielding plate 
and the lens electrode configuration of FIGS. 13A, 13B. 

As shown in FIGS. 13A, the lens electrodes 132a on 
the top surface of the shielding plate are connected to a 50 
power supply (not shown) through electrically conduc- 
tive traces 134 for row or x-direction addressing, and 
the lens electrodes 1326 (not visible in FIG. 13A) are 
connected by conductive traces 136 to a power supply 
(not shown) for column or y-directkm addressing. In 55 
this manner, the two sets of lens electrodes permit xy 
addressing. It is only when the potentials at lens elec- 
trodes 132a, 1326 at a particular aperture 126 are both 
more positive than the corresponding cathode group 
will electrons emitted by the group pass through the 60 
particular aperture 126 to reach the corresponding pixel 
dot for displaying an image. Therefore, if this is true 
(both lens electrodes more positive than corresponding 
cathode group) at one particular aperture and not true 
at adjacent or surrounding apertures, electrons will pass 65 
only through such particular aperture and not through 
the adjacent apertures. This will reduce crosstalk. For 
this reason, it is desirable to provide indepedently ad- 
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diessable lens electrodes on both sides of the shielding 
plate. 

FIG. 14A is a perspective view from the top of a 
portion of shielding plate and lens electrode to illustrate 
another embodiment FIG. 14B is a cross-sectional view 
of the shielding plate of FIG. 14A taken along the line 
14B— 14B in FIG. 14A. As shown in HG. 14A, 14B. 
the lens electrodes 142 are present on the bottom sur- 
face but not the top sur&ce of the shielding plate 130, 
and the lens electrodes on the bottom surface extend 
onto the surfaces of the apertures as shown in FIG. 14B. 
The lens electrodes are connected by conductive traces 
144 for addressmg purposes as in FIG. 13A. It is of 
course possible to coat Just the inside surfaces of the 
aperture without coating the top or bottom surface of 
the shielding plate to form the lens electrodes. FIG. 14C 
is a cross-sectional view of a portion of a display device 
employing the shielding plate of FIGS. 14A, 14B. 

FIG. 15 is a cross-sectional view of a portion of a 
display device employing a shielding plate 130 with or 
without lens electrodes and two spacers 150, 152. As 
shown in FIG. 15, each of the two spacers defines a 
funnel-shaped channel 156, 158 therem, where the wide 
ends 156a, 158a of the channels are at or adjacent to the 
face plate 162 or back plate 164 and their narrow ends 
1566, 1586 at or adjacent to the shielding plate 130. The 
narrow ends of the two channels of the two spacers 150, 
152 are aligned with an aperture 126, so that electrons 
originatmg from groups of cathodes 122' facing the 
channels may pass through aperture 126 as well as the 
channels to the pixel dots 124, while electrons originat- 
ing from groups of cathodes 122 not facing the channels 
may pass through apertures 126 and are not confined by 
the channels in spacers 150, 152. Thus, channels 156, 
158 being aligned with aperture 126, form a pair of 
aligned channels. As shown in FIG. 15, spacers 150, 152 
together have only one pair of aligned channels. 

FIG. 16 is a cross-sectional view of a portion of a 
display device employing a shielding plate 130 and two 
spacers 180, 182, each with two funnel-shaped channels 
therein. Thus, spacers 180, 182 differ from spacers 150, 
152 only in that spacers 180, 182 have two pairs of 
aligned channels instead of one pair. 

The invention has been described above by reference 
to various embodiments. It will be understood that 
various modifications and changes may be made with- 
out departing from the scope of the invention which is 
to be limited only by the appended claims. 
What is claimed is: 
1. A display apparatus comprising: 
a housing defining a chamber therein, said housing 

having a face plate and a back plate; 
an anode placed on or near the face plate; 
luminescent means, placed on or near the anode, that 
emits light in response to bombardment of elec- 
trons, said luminescent means having two portions 
defining at least a first and a second pixel dot; 
a plurality of individually addressable, controllable 
electron point source cathodes arranged in at least 
a first and a second group on or near the back plate; 
a drcuit for applying electrical potentials to the 
anode and groups of cathodes for causing the cath- 
odes to emit electrons and causing the electrons to 
travel to the pixel dots, and direct matrix address- 
ing and electron emission control of the cathodes; 
a shield between the face and back plates, said shield 
defining at least one aperture therein located be- 
tween the groups of cathodes and the pixel dots, 
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said shield substantiaUy shielding the irixel dots 11. The apparatus of claim 6, wherein the spacer plate 
from electrons passing between the cathodes and has channel surfaces that are light reflective to reflect 
pixel dots except for electrons passing through said towards the face plate light travelling towards the chan- 
ajperture, wherein said ^rtnre is of such dimen- ndi surfaces away from the face plate to increase bright- 
sions that dectrons emitted by cathodes in said at 5 ness and efficiency of the apparatus, 
least first and second groups and spread over an 12. The apparatus of claim 6, said shield including 
area larger than said dimensions will converge and two spacer plates m contact with each other and located 
pass through the aperture and then diverge between the face and back plates, each spacer plate 
towards the pixel dots, and that electrons emitted having an array of fiinnel-sh^)ed channels therein, each 
by the first group of cathodes and passing through 10 channel of each plate having a wide end at the face or 
the aperture will travel to substantially only the back plate and a narrow end adjacent to and m commu- 
first pixel dot, and that electrons emitted by the nication with the narrow end of a corresponding chan- 
second group of cathodes and passing through the nei of the other spacer plate, wherein the adjacent nar- 
aperture will travel to substantially only the second row ends of said two corresponding channels of the two 
pixel dot, thereby redudng crosstalk between pixel 15 spacer plates define one of said apertures, 
dots. 13. The apparatus of claim 12, wherein the spacer 

2. The apparatus of claim 1, and luminescent means plate that is closer to the faceplate has channel surfaces 
defining an array of clusters of pixel dots, each cluster that are light reflective to reflect towards the face plate 
including at least two pixel dots, said cathodes arranged light travelling towards the channel surfaces away from 
in an array of clusters of groups, wherein said shield 20 the face plate to increase brightness and efficiency of 
defines therein an array of apertures, each aperture the apparatus. 

located between a cluster of pixel dots and a cluster of 14. The apparatus of claim 12, wherein the shape of 
groups of cathodes where such aperture, cluster of pixel the funnel-shaped channels are such that the wide end 
dots and cluster of groups of cathodes define a set of of at least one channel in one spacer plate is a mirror 
corresponding aperture, cluster of pixel dots and cluster 25 image of the wide end of the coiiesponding channel in 
of groups of cathodes, wherein each cluster occupies an the other spacer plate through the aperture formed by 
area larger than the corresponding aperture and the narrow ends of the two corre^onding channels, 
supplies electrons that converge and pass througji the 15. The apparatus of claim 12, wherein each funnel- 
corresponding aperture and then diverge and are des- shaped channel has wedge-shaped walls on four sides to 
fined for corresponding pixel dots in the corresponding 30 increase the strength of each of the spacer plates, 
cluster. 16. The fi^aratus of claim 6, further comprising gate 

3. The apparatus of daim 2, wherein each of the and base electrodes responsive to the circuit for control- 
corresponding apextaic, cluster of pixel dots and cluster ling the emission of electrons form the cathodes, said 
of groups of cathodes in a set is an element of the set, shield further comprising lens electrodes located be- 
wherein at least two elements of at least one set of cor- 35 tween the gate electrodes and the anode and at or adja- 
responding aperture, cluster of pixel dots and cluster of cent to the narrow ends of at least some of the channels 
groups of cathodes have similar geometrical shapes, of one or more spacer plates, said apparatus further 

4. The apparatus of claim 2, wherdn the number of comprising a device for applying electrical potentials to 
clusters of pixel dots is the same as the number of chis- said lens electrodes for focusing the electrons passing 
ters of groups of cathodes in each of at least some of the 40 through said narrow ends of the channels onto desired 
sets of corresponding aperture, cluster of pixel dots and portions of the luminescent means. 

cluster of groi^ of cathodes. 17, The apparatus of claim 6, wherein the channels 

5. The apparatus of claim 2, wherein the shield in- have substantially rectangular or square cross-sections, 
chides at least one spacer plate b^ween the face and 18. The appaiaixjs of claim 6, said apparatus further 
back plates. 45 comprising a black insulating strips separating each two 

6. The apparatus of daim 5, said at least one spacer adjacent pixel dots and each two adjacent clusters of 
plate located between and in contact with the face and pixel dots to increase contrast of display, each channel 
back plates, said spacer plate having an array of chan- having a channel wall adjacent to the correspondmg 
nels therein between the face and back plates, each cluster of groups of cathodes, wherein e ach cluster of 
channel having a narrowest portion defining one of said 50 pixel dots and the channel wall of the channel corre- 
apertures, each channd permitting electrons to pass spending to such cluster occupy such areas that black 
between a cluster of groups of cathodes and its corre- insulating strips adjacent to such cluster of pixel dots 
qK>nding cluster of pixel dots through its corresponding form an inverted image of the channel wall of the corre- 
aperture. spending channeL 

7. The apparatus of daim 6, saki shidd having one or 55 19. The apparatus of clahn 1, wherein the shield in- 
more conduits therein connecting substantially all of the dudes a UV-sensitive glass-ceramic type of material, 
channels, to facilitate the evacuation of the channels. 20. The apparatus of claim 1, wherein the fidd emis- 

8. The apparatus of claim 6, said shield having chan- sion cathode group is formed of numerous field emis- 
nd surfaces that are dectrically reastive to reduce dec- sion cathodes which can be further grouped to form 
tron build up on said surfaces- 60 several sub-groups, said circuit applying electrical po- 

9. The apparatus of claim (i, said face and back plates tentials to said sub-groups separatdy and at different 
defining grooves therein connecting substantially all of times altematdy to increase the life time and effldency 
the channels, to facilitate the evacuation of the chan- of the fidd emission cathode groups. 

21. The apparatus of claim 1, further comprising a 

10. The apparatus of daim 6, each of said channels 65 plurahty of substrates, each supporting one or more 
being narrowest at said corresponding aperture and said groups of the cathodes array. 

channd increaang in its cross-sectional dimensions 22. The apparatus of claim 1, the shield comprising 
from the aperture towards the face and back pbtes. many smaller pieces of similar spacer plates arranged in 
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a plane between the fece and back plates, said face, back least one additional pair of aligned channeb where the 

and spacer plates defining alignment holes therdn, said narrow ends of the channeb of the additional pair are 

^>paratus fimher including alignment pins, said spacer aligned with said additional aperture, 

plates assembled through the alignment pins in the 36. A method for displaying images, said method 
alignment holes m the face, back and spacer plates to 5 employing an ^paxatus comprising: (a) a housing defin- 

fonn a whole shield for the apparatus for use in large ing a chamber therein, said housing having a face plate 

scrren^hcations. and a back plate; (b) an anode placed on or near the face 

23. The apparatos of clam 1, wherem the cathodes plate; (c) luminescent means, placed on or near the 
mdudemicrotip field amssion cathod«. a^ode. that emits light in response to bombardment of 

24. The sw««tus of claun 1, wherem said shield is 10 dectrons. said luminescent means defining a plurality of 
mde of ^^tive ghiss ceramic type of high resis- pi«l dots; (d) a plurality of individually addressable. 

iT mateTai. ^ ^ ^ controllable electron point source cathodes on or near 

25. The app««tiis of claim t said ^paratus furAer the back pUte, each cathode having a gate electrode 

f Jf' "^^^ Z'^ "f^f^^^ ^ ^u^^ «»d a base electrode; (e) a shield be^eef the face and 

T^'^''**"" back plates. saidSddefiningaplmality of apertures 

ST "'^^^ *^ theaTthodes ad tte pijSlS^ 

^< % ^ X, xi.-xi_ (0 a lens electrode at or near each said apertures 

compi^g: ^"^^ locatedbetween the gateelectrodesandtheanc^e; said 

asidewaUcoimectedtothefaceandbackpUtesto 20 . v . 

form said homing; and P «s xo ^ ^ppjy^^g dectncal potentials to the anode, and three 

a bonding pattern of conductive material ontheinner ^ups of electrodes mcludmg Ae lens dectrodes, 

surface of the side waU connecting said cathodes to the gate and base dccd-odes of the cathodes, for 

connections outside the housing causmg selected cathodes to emit electrons, said 

27. The apparatus of claim 1, wherein said shield is a 25 dectncal potentials being applied so that the poten- 
spaccr in contact with said face and back plates to ^ apphed to two of the three groups of elec- 
thcreby support the fece and back plates against any ^ scanning and the potentials 
pressure exerted externally on the plates. ^pUed to the remaining one of the three groups of 

28. The apparatus of claim 1. said shidd being a electrodes control the brightness and sharpness of 
shidding plate interposed between the face and back 30 --^^P^^^* 

plates. ^ ^e method of claim 36, said pixel dots arranged 

29. The apparatus of claim 28, further comprising: ^ ^ ^"^Y clusters of pixd dots, and said cathodes 
gate and base dectrodes on or near the back plate arranged in an array of clusters of groups of cathodes, 

responsive to the drcuit for controlling the emis- shidd substantially shiddmg a cluster of pixd dots 

sion of dectrons from the cathodes; and 35 dectrons passing between the cathodes and pixd 

at least one lens electrode located at or near the at except for electrons passing through an array of 

least one qjerture and on said shidding plate situ- apertures, each aperture located between a cluster of 
ated between the gate electrodes and the anode, a cluster of groups of cathodes where 

sad circuit applying dectrical potentials to said lens ^^^^ aperture, cluster of pixel dots and cluster of groups 
electrode for controlling the passage of dectrons 40 cathodes define corresponding aperture, cluster of 
through said at least one aperture. P^el dots and cluster of groups of cathodes; wherein 

30. The apparatus of claim 29, said at least one lens each aperture is of such dimensions that dectrons emit- 
dectrode located on one side of said shielding plate. ted by a first group of cathodes in the corresponding 

31. The apparatus of claim 29, said at least one lens cluster and passing through the aperture will travd to 
dectrode located on both sides of said shielding plate. 45 substantially only a first pixel dot, and that electrons 

3Z The apparatus of claim 29. said shieldmg plate emitted by the second group of cathodes and passing 
having an ^>erture surfece at said at least one aperture, through the aperture will travel to substantially only the 
said aperture surface defining said at least one aperture, second pixd dot; 

wherein said at least one lens electrode is located on wherein the dectrical potentials applied to the lens 
said aperture surface of said shidding plate. 50 electrodes at or near the apertures are such that 

33. The apparatus of claim 28, further comprising two overlapping of images at the luminescent means is 
spacers, one between the face and shidding plates and reduced. 

the other between the shidding and back plates, to 38. The method of claim 37, wherein the dectrical 
provide support to the fece and back plates against potentials applied to the lens electrodes at or near the 
pressure from outside the housing. 55 apertures are between the electrical potentials appHed 

34. The 8]>paxatus of claim 33, said two spacers each to the anode and those applied to the gate and base 
defines therein a funnel-shi^ped channd having a wide dectrodes of the corresponding clusters of groups of 
end at the face and back plates and a narrow end at the cathodes of the i^pertnres. 

sWdding plate, the narrow ends of the spacers being 39. The method of claim 36, wherein the electrical 
aligned with each other and said at least one aperture to 60 potentials applied to the lens dectrodes at or near some 
permit passage of dectrons between the cathodes and of the apertures are different from the electrical poten- 
the anode through the at least one aperture and the tials appHed to the lens electrodes at or near other aper- 
channels in the spacers. tares, thereby producing different multq)le shades of 

35. The apparatus of claim 34, said two channels in images displayed. 

the two spacers with narrow ends of the chaimels 65 40. A display ^paratus comprising: 

aligned with an aperture defining a pair of aligned chan- a housing defining a chamber therefai, said housing 

ncls, said shidding plate defining at least one additional havmg a face plate and a back plate; 

aperture therein, said two spacers defining therein at an anode placed on or near the fece plate; 
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luminescent means, placed on or near the anode, that plates over the surfaces of the spacer plates except for 

emits light in response to bombardment of elec* the channels. 

trons, said cathodolimainescent means defining an 46. The apparatus of claim 40, wherein the channels 

array of pixel dot^ have substantially rectangular or square cross-sections, 

a plurality of individually addressable, controllable ^ apparatus of claim 40, wherein the spacer 

electron point source cathodes arranged in an array J^c^wdes a UV-sensitive glass^ramic type of material, 

of groups of said cathodes on or near the back T^® apparatus of claim 40, said apparatus further 

pljjig. compnsmg a black msulating strips separatmg each two 

a drciit for applying electrical potentials to the P^^l dote to increase 

anodeandgro5,sofcathodesfor^usingthe^^ 49. l^e apparatus of clami 40, wh^^ the fi^^^ 

% 1 ll "^T" . ^"1 cathode groups are each divided mto several sub- 
odes to eimt elec^ns and causmg the electrons to groups, said circuit applying electrical potentials to said 
travel to the pixel dots, and direct matrix address- snVgroups separately and at different times alternately 
mg and electrcm emission control of the cathodes; to mcreasc the life time and efficiency of the field emis- 

a spacer between the fece and back plates, said ^acer 15 sion cathode groups, 

defining an array of funnel-shaped channels, each 50. The apparatus of claim 40, further comprising a 

channel located between a pixel dot and a group of plurahty of substrates, each supporting one or more 

cathodes, each of said channels having a wide end groups of the cathodes array. 

at or near the back plate and a narrow end that apparatus of claim 40, the spacer comprising 

extends away from the wide end at or near the back niany smaller pieces of similar spacer plates arranged in 

plate towards the anode, said narrow end forming ^ between the face and back plates, said fece, back 

an aperture, where such aperture, pixel dot and ^ P^*^ defining alignment holes therein, said 

group of cathodes define corresponding channel. including ^gnment pins, said spacer 

pixel dot and group of cathodes, whLin each f^fTi^"^- "^^^^ ahgnment pms m the 

channel permits^a^ge of XS>ns through its ^ ^er plates to 

. £ ^, * J. 1. f . ^ whole spacer for the apparatus for use m large 

aperturefromthecorrespondmggroupofcathodes screen applications. 

todiecorrespontog pixel dot 52. The apparatus of claim 40, wherem the cathodes 

41. The apparatus of daun 40, said spacer having one include microtip field emission cathodes. 

or more conduits therem connectmg substantially all of 30 S3. The apparatus of daim 40, wherein the spacer is 

the channels, to facilitate the evacuation of the chan- made of UV-sensitive e^^^ ceramic type of high resis- 

nels. tance material in white color. 

42. The apparatus of claim 40, said spacer having 54. The apparatus of daim 40, said apparatus further 
channel surfaces that are dectrically resistive to reduce having a side wall, said side wall including a glass plate 
electron build up on said surfaces. 35 of thickness between substantially 0.3 to 3 mm, wherein 

43. The apparatus of claim 40, said face and back apparatus is suitable for use in mosaic large screen 
plates defining grooves therein connectmg substantially *ype dkplays. 

all of the channels, to facilitate the evacuation of the T^* apparatus of claim 40, said housmg further 

channels. comprising: 

44. The apparatus of daim 43, wherein the spacer has ^ a side wall connected to the face and back plates to 
channel surfaces that are Ught reflective to reflect ^^^^^ housmg and 
towardfithefaceplatelighttravdlingtowardsthechan- a bondmgi^ern of conductive mat^^ 

^-1 ^ r 57 r surface of the side wall connectme said cathodes to 

ndsurfac^away fromtiiefaceplatetomcre^ comiections outside the housmg. 

m^ and efficiency of tfie appara^^ 45 56. The apparatus of claim 40, wherem said spacer is 

45. The apparatus of dami 40, wherem each funnel. in contact with said face and back plates to S^y 
shaped channel has wedge-shaped walls on four sides to support the face and back plates against any pressure 
increase the strength of each of the spacer plates, said exerted externally on the plates. 

spacer plates bemg in contact with the face or back • « * * « 
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